Experimental Procedures and Characterization Data (1R,6R,8S)-8-(2-hydroxyethyl)-2,9,10-trioxa-1-phosphabicyclo[4.3.1]dec-4-ene 1-oxide (9):
To a solution of bicyclo[4.3.1]phosphate (R,R,R P )-7 (1.78 g, 8.09 mmol) dissolved in anhydrous THF (67.4 mL, 0.12 M) was added 9-BBN (2.96 g, 24.3 mmol, dissolved in 48.6 mL anhydrous THF, 0.5M) dropwise. The resulting mixture was left stirring at room temperature for 3 h till the disappearance of the starting material monitored by TLC. Reaction mixture was quenched by the addition of NaBO 3 •4H 2 O (11.2 g, 72.8 mmol) and H 2 O (4.5 mL, 1.8 M) at 0 ºC. After removing the ice-bath the reaction was stirred at room temperature and additional H 2 O (8.9 mL, 0.9 M) was added. After completion of the oxidation as monitored by TLC, the crude solution was dried (Na 2 SO 4 ) and filtered through Celite®. The crude product was purified via flash chromatography.
Yield: 84% (1.6 g isolated as white solid starting from 1.78 g of bicyclic phosphate); 
SI-4
One-pot sequential RCM/Hydroboration-Oxidation Protocol:
To a stirring solution of triene (20 mg, 0.087 mmol) in dry, degassed CH 2 Cl 2 (17.4 mL, 0.005 M) was added the G-II catalyst (2.2 mg, 3 mol%, 0.003 mmol) and the reaction was heated to reflux for 45 minutes, after which the TLC confirmed the complete consumption of the starting material. The solvent was evaporated and to the crude mixture THF (0.9 mL, 0.1 M) was added. The reaction was cooled to 0 ºC and BH 3 •DMS was added (33 µL, 0.35 mmol). The reaction was stirred at 0 ºC for 3 h after which the TLC showed ~ 80% consumption of the starting material. The reaction was then quenched by the addition of NaBO 3 •4H 2 O (12 mg, 0.78 mmol) and H 2 O (48 µL, 1.8 M) at 0 ºC. After removing the ice-bath the reaction was stirred at room temperature and additional H 2 O (97 µL 0.9 M) was added. After completion of the oxidation as monitored by TLC, the crude solution was dried (Na 2 SO 4 ) and filtered through Celite®. The crude product was purified via flash chromatography.
Yield: 31% (unoptimized) over 2 reactions in one-pot, 56% av/rxn (5.8 mg isolated as white solid starting from 20 mg of triene). 
SI-5 (1R,6R,8S)-8-(2-(benzyloxy)ethyl)-2,9,10-trioxa-1-phosphabicyclo[4.3.1]dec-4-ene 1-oxide (10)
To a solution of alcohol 9 (1.7 g, 5.5 mmol) dissolved in anhydrous CH 2 Cl 2 (54.8 mL, 0.1 M) were added Ag 2 O (5.74 g, 24.8 mmol) and BnBr (2.16 mL, 18.2 mmol) at room temperature. The reaction was stirred for 15 hours at room temperature after which the TLC showed 80% consumption of starting material. An additional batch of Ag 2 O (3.82 g, 16.5 mmol) and BnBr (1.44 mL, 12.1 mmol) were added to the reaction mixture and stirred for 5 hours after which the TLC showed complete consumption of starting material. The reaction was filtered through Celite® and evaporated under reduced pressure. The crude product was purified via flash chromatography. 
Yield

SI-6
(3S,5R,6S)-1-(benzyloxy)-6-methyloct-7-ene-3,5-diol (11):
To a flask containing CuCN (647.5 mg, 7.23 mmol, dried overnight in a vacuum oven at 60 ºC/0.3 mmHg and stored in a glovebox) and LiCl (715.1 mg, 16.87 mmol, dried overnight in a vacuum oven at 60 ºC/0.3 mmHg and stored in a glovebox), weighted inside the glove box, was added anhydrous THF (72.3 mL, 0.1 M) and stirred at room temperature for 15 minutes. A pale green coloration was observed. The reaction was cooled to -30 ºC followed by slow addition of a 2.0 M solution of Me 2 Zn in THF (3.62 mL, 7.23 mmol). The reaction mixture turned colorless. The reaction was stirred for 35-40 minutes at -30 ºC at which point a solution of bicyclic phosphate 10 (749 mg, 2.41 mmol) in THF (24 mL, 0.1 M) was added via cannula into the flask with the cuprate. The reaction was removed from the dry ice bath and allowed to warm to room temperature. Upon completion after 2.5 hours monitored by TLC, the reaction mixture was acidified to a pH of 1 with 10% aq. HCl (15 mL, 0.16 M). The reaction was stirred for 15 minutes and the aqueous layer was extracted with CH 2 Cl 2 (4x30 mL) and the combined organic layers washed with H 2 O (1x5 mL). The reaction was concentrated under reduced pressure and then filtered through a Celite® pad again to get rid of the salt particles. The Celite® layer was washed with EtOAc and evaporated to afford the crude acid as yellowish colored clear oil that was carried on without further purification.
To a flask containing the crude acid was added anhydrous THF (30 mL, 0.08 M). The reaction mixture was cooled to 0 ºC followed by the addition of a 65% solution of Red-Al in toluene (4.5 mL, 14.46 mmol). The reaction was brought to room temperature and stirred for 12 hours. The reaction was quenched with NH 4 Cl (sat'd aq) and extracted with CH 2 Cl 2 (6x30 mL). The organic layer was dried (Na 2 SO 4 ) and the solvent was evaporated under reduced pressure. The crude product was purified via flash chromatography. Yield: 78% (over 2 Steps; 500 mg isolated as colorless oil from 749 mg of bicyclic phosphate 10); 6R)-4-(2-(benzyloxy)ethyl)-6-((S)-but-3-en-2-yl)-2,2-dimethyl-1,3- 
FTIR
dioxane (12):
To a solution containing diol 11 (444 mg, 1.68 mmol) dissolved in anhydrous CH 2 Cl 2 (6.2 mL, 0.27 M), was added 2,2-DMP (6.2 mL, 0.27 M) and PPTS (21 mg, 0.084 mmol) and the reaction was stirred for 1 hour at room temperature. Upon completion of the reaction, (<10% starting material remaining after 1 hour), the reaction was first diluted with CH 2 Cl 2 and quenched with NaHCO 3 (satd.), dried (Na 2 SO 4 ). The solvent was evaporated and purified via flash chromatography. 
Yield
SI-8
2-((S,E)-3-((4R,6S)-6-(2-(benzyloxy)ethyl)-2,2-dimethyl-1,3-dioxan-4-yl)but-1-en-1-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (6):
The boronic ester was synthesized following similar literature reports. 1 
HG-II (20 mol %) BnO
SI-9 (E)-2-bromo-5-(prop-1-en-1-yl)furan (17):
To a solution of phosphonium ylide (402 mg, 1.1 mmol) dissolved in anhydrous THF (3.9 mL, 0.28 M)
was added tBuOK (115 mg, 1.03 mmol) in one portion at 0 ºC. An orange coloration was observed upon the addition of tBuOK. A solution of 5-bromo-2-furaldehyde (16) (100 mg, 0.57 mmol) in anhydrous THF (1 mL, 0.57 M) was added immediately to this mixture at 0 ºC producing a color change from orange to yellow. The reaction was stirred at 0 ºC for 30 minutes after which the TLC showed complete consumption of the starting material. The reaction mixture was quenched with the addition of H 2 O (11 mL). The layers were separated and extracted with Et 2 O (3x20 mL) and the combined layer was washed with, brine and dried (Na 2 SO 4 ). The solvent was evaporated under continuous argon flow and purified via flash chromatography using pentane. [2] The Wittig product was found to be very unstable at room temperature (rapid color change from pale yellow to black was observed within 24 hours when stored at bench top whereby decomposition occurred). In contrast, the product was relatively stable when stored in diethyl ether under argon at 0 ºC for a few days. For these reasons the product was used in the next reaction immediately after purification. 
SI-10 (S,E)-1-((4-methoxybenzyl)oxy)-2-methylhex-4-en-3-one:
To [3] The Weinreb amide 14 was prepared following literature procedure from (S)-Roche ester (13) 
SI-11 (2S,3R,E)-1-((4-methoxybenzyl)oxy)-2-methylhex-4-en-3-ol (15):
The substituted allylic alcohol was prepared following the literature procedure reported by Chandrasekhar and coworkers. 4 To a solution of enone (1.2 g, 4.83 mmol) dissolved in anhydrous THF (14.6 mL, 0.33 M) was added a solution of (R)-2-methyl-CBS-oxazaborolidine (9.7 mL, 1 M in toluene, 9.66 mmol) 3R,4S,E)-1-(5-bromofuran-2-yl)-5-((4-methoxybenzyl)oxy)-4-methylpent-1-en-3-ol (18) :
To a solution of allylic alcohol 15 (50 mg, 0.2 mmol) dissolved in dry, degassed CH 2 Cl 2 (2 mL, 0.1 M) was added propenyl bromofuran 17 (111.7 mg, 0.6 mmol) followed by the HG-II catalyst (7.5 mg, 6 mol%) and para-benzoquinone (2.2 mg, 10 mol%). The reaction mixture was refluxed for 3 hours after which the TLC showed significant consumption of allylic alcohol (< 20% starting material remained). 5 The reaction mixture was cooled to room temperature and the solvent was evaporated. The crude product was purified via flash chromatography. [5] It is important to note here that the reaction produced lesser yield if run for more that 3 hours. In addition, the reaction yield was dependent on the purity of both of the starting material. 3R,4S,E)-1-(5-bromofuran-2-yl)-5-((4-methoxybenzyl)oxy)-4-methylpent-1-en-3-yl) 
Yield
oxy)(tertbutyl)dimethylsilane (19):
To a flask containing alcohol 18 (57 mg, 0.15 mmol) dissolved in anhydrous CH 2 Cl 2 (1.5 mL, 0.1 M) was added freshly distilled 2,6-lutidine (70 µL, 0.6 mmol). The reaction mixture was cooled to -78 ºC and TBSOTf (69 µL, 0.3 mmol) was added drop wise. The reaction mixture was stirred for 1 hour at -78 ºC till the complete consumption of starting material, monitored by TLC. The reaction was quenched with NH 4 Cl (5 mL).
The layers were separated and extracted with CH 2 Cl 2 (2x20 mL). The combined organic layer was dried (Na 2 SO 4 ), the solvent was evaporated and purified via flash chromatography. SI-14 2R,3S,4S)-1-(5-bromofuran-2-yl)-3-((tert-butyldimethylsilyl)oxy)-5-((4-methoxybenzyl) through Celite®, the aqueous layer was extracted with EtOAc (2x20 mL) and evaporated after drying (Na 2 SO 4 ).
The crude product was purified via flash chromatography. 2R,3S,4S)-1-(5-((S,E)-3-((4R,6S)-6-(2-(benzyloxy)ethyl)-2,2-dimethyl-1,3-dioxan-4-yl)but-1-en-1- 
yl)furan-2-yl)-3-((tert-butyldimethylsilyl)oxy)-5-((4-methoxybenzyl)oxy)-4-methylpentane-1,2-diol (20):
To a stirred solution of boronic ester 6 (112 mg, 0.26 mmol) and furan 5 (92 mg, 0.17 mmol) dissolved in degassed anhydrous THF (1.7 mL, 0.1 M) were added Pd(PPh 3 ) 4 (39 mg, 20 mol%) and K 3 PO 4 (144 mg, 0.68 mmol) under argon atmosphere. The reaction mixture was then purged with argon (3x) and was refluxed for 6 hours after which the TLC showed significant consumption of starting material (<10% of furan remained unreacted). The reaction mixture was cooled to room temperature and quenched with H 2 O (2 mL). The organic layer was extracted with EtOAc (3x20 mL), dried (Na 2 SO 4 ) and purified via flash chromatography. 1R,2R,3S,4S)-1-(5-((S)-3-((4R,6S)-6-(2-(benzyloxy)ethyl)-2,2-dimethyl-1,3-dioxan-4-yl)butyl)furan-2-yl)-3   -((tert-butyldimethylsilyl)oxy)-5-((4-methoxybenzyl)oxy)-4-methylpentane-1,2- 
diol (21):
To a stirred solution of compound 20 (40 mg, 0.053 mmol) dissolved in anhydrous CH 2 Cl 2 (0.9 mL, 0.06 M) were added o-NBSH (172.7 mg, 0.8 mmol) and Et 3 N (80 µL, 2 ml/g) under argon atmosphere at room temperature producing an orange-colored heterogeneous reaction mixture. The reaction mixture was then stirred for 15 hours at room temperature wrapped in aluminum foil (to prevent the decomposition of o-NBSH) after which the reaction mixture became clear and a dark orange coloration was observed. A second batch of o-NBSH (0.8 mmol) and Et 3 N (2 ml/g) were added and the reaction was stirred again for additional 15 hours. The reaction was diluted with EtOAc (10 mL), extracted with saturated aqueous NaHCO 3 (7 mL) followed by washing with EtOAc (2x20 mL). The combined organic layers were dried (Na 2 SO 4 ) and concentrated under reduced pressure. The crude product was purified via flash chromatography. 3-((4R,6S)-6-(2-(benzyloxy)ethyl)-2,2-dimethyl-1,3-dioxan-4-yl)butyl)-2-((1R,2S,3S)-2-((tertbutyldimethylsilyl)oxy)-1-hydroxy-4-((4-methoxybenzyl)oxy)-3-methylbutyl)-6-hydroxy-2H-pyran-3(6H 6-((1R,2S,3S)-1-acetoxy-2-((tert-butyldimethylsilyl)oxy)-4-((4-methoxybenzyl)oxy)-3-methylbutyl)-2-((S)-3-((4R,6S)-6-(2-(benzyloxy)ethyl)-2,2-dimethyl-1,3-dioxan-4-yl)butyl)-5-oxo-5,6-dihydro-2H-pyran- 
SI-17 (2R)-6-((S)-
SI-18 (6R)-
SI-19
One-Pot, acetonide-deprotection/ cascade Achmatowicz-cyclization: (2R,6S,8R,9S)-8-((S)-4-(benzyloxy)-2-hydroxybutyl)-2-((1R,2S,3S)-2-((tert-butyldimethylsilyl)oxy)-1-hydroxy-4-((4-methoxybenzyl) The stirring solution of 1,3-acetonide 21 (10 mg, 0.013 mmol) in anhydrous MeOH (0.13 mL, 0.1 M) was treated with CSA (0.3 mg, 10 mol %) and stirred for 12 h at room temperature (until most of the starting material consumption was observed by TLC). Next, the reaction mixture was switched to a large volume of CH 2 Cl 2 (20 mL); then concentrated to a volume of approximately 2 mL under reduced pressure at below 35 o C.
This process was repeated two more times switching with CH 2 Cl 2 (2x20 mL); finally concentrated until all of MeOH traces were removed. To this crude tetrol was added anhydrous CH 2 Cl 2 (0.005 M), followed by m-CPBA (3.4 mg, 0.02 mmol, 1.5 equiv) under argon atmosphere. After being stirred for 6 h at room temperature, the stoichiometric amount of CSA (3.02 mg, 0.013 mmol, 1 equiv) was introduced into the reaction. 9 Next, the reaction mixture was further stirred for 12 h at the same temperature (the reaction progress was monitored by TLC); then it was quenched with saturated aqueous NaHCO 3 solution (2 mL) and diluted with excess CH 2 Cl 2 (10 mL). The organic layer was separated and aqueous layer was back extracted with CH 2 Cl 2 (2x20 mL). The combined organic layers were washed with brine (2 mL), dried (Na 2 SO 4 ), filtered and concentrated under reduced pressure. The crude material was purified using silica gel column chromatography (25% EtOAc/Hexanes) to afford the spirocycle 23. [9] We initially utilized PPTS/MeOH condition for the deprotection, but the reaction required a longer time (16-24 h) and the yield was only 53% for the deprotection. The use of CSA was found to be the optimized condition for the deprotection and also for the spiroketalization step. 2R,6S,8R,9S)-8-((S)-4-(benzyloxy)-2-((tert-butyldimethylsilyl)oxy)butyl)-2-((5R,6S)-6-((S)-1-((4-methoxybenzyl)oxy)propan-2-yl)-2,2,3,3,8,8,9,9-octamethyl-4,7-dioxa-3,8-disiladecan-5-yl)-9-methyl-1,7 SI-21 3S,6S,8R,9S)-8-((S)-4-(benzyloxy)-2-((tert-butyldimethylsilyl)oxy)butyl)-2-((5R,6S)-6-((S)-1-((4-methoxybenzyl)oxy)propan-2-yl)-2,2,3,3,8,8,9,9-octamethyl-4,7-dioxa-3,8-disiladecan-5-yl)-9-methyl-1,7- 
dioxaspiro[5.5]undecan-3-ol (3):
A solution of α,β-unsaturated ketone 24 (4.0 mg, 0.0042 mmol) in anhydrous, freeze-degas-thawed MeOH (500 µL) was treated with Lindlar catalyst [0.5 mg (5% Pd on CaCO 3 )]. The reaction mixture was deoxygenated with H 2 gas for about 1 min and stirred under H 2 atmosphere (160 PSI of H 2 was applied using balloon) for 40-45 mins at room temperature. After completion of the reaction (monitored by TLC), the reaction mixture was degassed with argon, filtered through a small pad of Celite® and washed with MeOH (1.0 mL). The filtrate obtained (~1.4 mL) was diluted with CH 2 Cl 2 (600 µL) and the resulting suspension was cooled to -78 o C. NaBH 4 (0.5 mg, 0.013 mmol) was added in portions. The reaction mixture was stirred at -78 o C for 5 h (the reaction completion was observed by TLC) and quenched with the saturated aqueous solution of NH 4 Cl (3.0 mL). The compound was extracted in CH 2 Cl 2 (3x5.0 mL). The combined organic extracts were washed with brine (5.0 mL), dried over Na 2 SO 4 and concentrated under rotary evaporator. The crude material was purified through a silica gel column chromatography (12% EtOAc/Hexanes) to furnish the required carbinol 3 (2.9 mg, 88% ds) as a major isomer along with the minor isomer (0.4 mg) as colorless liquids (82% over 2 rxns in a two-pot protocol, 90.5% av/rxn 1R,6R,8S)-8-(2-hydroxyethyl)-2,9,10-trioxa-1-phosphabicyclo[4.3.1]dec-4-ene 1-oxide (9 1R,6R,8S)-8-(2-(benzyloxy)ethyl)-2,9,10-trioxa-1-phosphabicyclo [4.3.1]dec-4-ene 1-oxide (10) : (3R,4S,E)-1-(5-bromofuran-2-yl)-5-((4-methoxybenzyl)oxy)-4-methylpent-1-en-3-ol (18 3R,4S,E)-1-(5-bromofuran-2-yl)-5-((4-methoxybenzyl)oxy)-4-methylpent-1-en-3-yl) 2R,3S,4S)-1-(5-bromofuran-2-yl)-3-((tert-butyldimethylsilyl)oxy)-5-((4-methoxybenzyl) 2R,3S,4S)-1-(5-((S,E)-3-((4R,6S)-6-(2-(benzyloxy)ethyl)-2,2-dimethyl-1,3-dioxan-4-yl)but-1-en-1-yl)furan-2-yl)-3-((tert-butyldimethylsilyl)oxy)-5-((4-methoxybenzyl)oxy)-4-methylpentane-1,2- 2R,3S,4S)-1-(5-((S)-3-((4R,6S)-6-(2-(benzyloxy)ethyl)-2,2-dimethyl-1,3-dioxan-4-yl)butyl)furan-2-yl)-3   -((tert-butyldimethylsilyl)oxy)-5-((4-methoxybenzyl)oxy)-4-methylpentane-1,2- 6-((S)-3-((4R,6S)-6-(2-(benzyloxy)ethyl)-2,2-dimethyl-1,3-dioxan-4-yl)butyl)-2-((1R,2S,3S)-2-((tertbutyldimethylsilyl)oxy)-1-hydroxy-4-((4-methoxybenzyl)oxy)-3-methylbutyl)-6-hydroxy-2H-pyran-3(6H) 6-((1R,2S,3S)-1-acetoxy-2-((tert-butyldimethylsilyl)oxy)-4-((4-methoxybenzyl)oxy)-3-methylbutyl)-2-((S)-3-((4R,6S)-6-(2-(benzyloxy)ethyl)-2,2-dimethyl-1,3-dioxan-4-yl)butyl)-5-oxo-5,6-dihydro-2H-pyran- 2R,6S,8R,9S)-8-((S)-4-(benzyloxy)-2-hydroxybutyl)-2-((1R,2S,3S)-2-((tert-butyldimethylsilyl)oxy)-1-hydroxy-4-((4-methoxybenzyl)oxy)-3-methylbutyl)-9-methyl-1,7-dioxaspiro[5.5]undec-4-en-3-one (23 6S,8R,9S)-8-((S)-4-(benzyloxy)-2-((tert-butyldimethylsilyl)oxy)butyl)-2-((5R,6S)-6-((S)-1-((4-methoxybenzyl)oxy)propan-2-yl)-2,2,3,3,8,8,9,9-octamethyl-4,7-dioxa-3,8-disiladecan-5-yl)-9-methyl-1 3S,6S,8R,9S)-8-((S)-4-(benzyloxy)-2-((tert-butyldimethylsilyl)oxy)butyl)-2-((5R,6S)-6-((S)-1-((4-methoxybenzyl)oxy)propan-2-yl)-2,2,3,3,8,8,9,9-octamethyl-4,7-dioxa-3,8-disiladecan-5-yl)-9-methyl-1 3R,6S,8R,9S)-8-((S)-4-(benzyloxy)-2-((tert-butyldimethylsilyl)oxy)butyl)-2-((5R,6S)-6-((S)-1-((4-methoxybenzyl)oxy)propan-2-yl)-2,2,3,3,8,8,9,9-octamethyl-4,7-dioxa-3,8-disiladecan-5-yl)-9-methyl-1,7 
SI-34
SI-40 (6R)-
